dotropins with their target cells (see ref. 4 ), there are two major disadvantages, namely, the cells are prepared by enzymatic dispersion of the tissue (1) (2) (3) and the cell population obtained contains only 10-40% Leydig cells (2, 3) . Recently, however, Conn et al. (5) have reported that a homogeneous population of Leydig cells can be obtained by centrifugation of collagenase-dispersed rat Leydig cells in metrizamide gradients.
Because of these inherent problems, the possibility of using Leydig cell tumors as an alternate system to study the interaction of gonadotropins with their target cells has been investigated. Of the several Leydig cell tumors available that are either transplantable or adapted to growth in tissue culture (6) (7) (8) , only one, designated M5480, appears to be hormone responsive (1, 9, 10) . This tumor originated in a mouse of the C57B1/6 strain and was adapted for serial transplantation by F. Dunning of the Papanicolau Cancer Research Institute. Some aspects of the in vitro interaction of lutropin with the tumor cells were studied several years ago by Moyle and coworkers (1, 9, (11) (12) (13) (14) (15) . They reported, however, that only some of the tumors were hormone responsive. Recently, Neaves studied the growth, composition, and hormone responsiveness of the M5480 tumor in vivo, and showed that between 11 and 14 days after transplantation the tumor is composed mainly of Leydig cells (about 95%), most of which appeared viable and healthy by morphological criteria (10, 16, 17) . Therefore, this tumor may represent a source of a nearly homogeneous population of Leydig cells. Moreover, these cells can be obtained without enzymatic treatment of the tissue (9) . These characteristics make the M5480 tumor ideal for detailed investigations of hormone binding and mechanism of action. Also, such studies are useful in attempting to elucidate various parameters and characteristics of hormone-responsive tumors. In this paper, some of the characteristics of the in vitro interaction of human choriogonadotropin (hCG) with the Leydig tumor cells are described.
MATERIALS AND METHODS
Hormones and Supplies. Medium 199 and Trypan Blue were from Grand Island Biological Company (Grand Island, NY). Bovine serum albumin,-testosterone, and progesterone were from Sigma Chemical Co. (St. Louis, MO), and lactoperoxidase (Grade B, 23 units/mg) from Calbiochem (La Jolla, CA). Carrier-free NaI25I, [1, 2, 6 ,7-3H(N)]progesterone, [1,2,6,7-3H(N) ]testosterone, and the antisera to testosterone and progesterone were from New England Nuclear (Boston, MA). All chemicals were of reagent grade or better.
hCG and ovine lutropin were purified from urine of pregnant women and sheep pituitaries, respectively, and the biological activities were similar to those reported (18) . Ovine thyrotropin, follitropin, and somatotropin and bovine prolactin, were obtained from the National Institute of Arthritis, Metabolism and (16) . In this laboratory, the tumors were transplanted every 14 (M5480A) or Abbreviations: hCG, human choriogonadotropin; 125I-hCG, l25I-labeled hCG; M5480A, designation of the altered M5480 tumor which responds to gonadotropin with both increased androgen and progesterone production; M5480P, same as M5480A but with only increased progesterone production. 99
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18 (M5480P) days into 7-to 9-week-old male C57B1/6 mice by the method of Neaves (17) . Isolation of Leydig Tumor Cells. Tumor-bearing mice were killed by cervical dislocation. The tumors were removed, dissected free of fat, and weighed. Cells were obtained by gently forcing pieces of tumor through a 30 mesh stainless steel grid into a petri dish containing medium 199 with 20 1Ag of gentamicin per ml. The contents of the dish were transferred to a centrifuge tube and the tumor clumps were allowed to settle for 15-20 min at 4°. The supernatant was carefully removed and centrifuged (40) at 270 X g for 10 min. The resulting pellet, which contained variable amounts of erythrocytes, was resuspended in 3 ml of distilled water for 20 sec, followed by the addition of 1 ml of 3.6% NaCl to make the solution isotonic. The volume was adjusted to 40-50 ml with isotonic saline and the suspension was centrifuged again. The resulting erythrocytefree pellet was resuspended in medium 199 containing 1 mg of bovine serum albumin and 20 ug of gentamicin per ml; the cells were counted in a Coulter Counter and diluted to the desired density in the same medium. Microscopic examination of the cell suspension revealed that it was composed almost entirely of single cells.
Measurement of Hormone Binding and Steroidogenesis. hCG was iodinated with lactoperoxidase (19) to a specific activity of 50-60 cpm/pg. The labeled hormone was stable for at least 4 weeks when stored at -70°. In agreement with previous findings (19), we found that iodination had little or no effect on the biological activity of hCG.
Two milliliters of tumor cells (2.5 X 106 cells per ml) in medium 199/0.1% bovine serum albumin (containing 20 Mg of gentamicin per ml) were placed in plastic vials containing 100
Mul of 125I-labeled hCG (125I-hCG) (in 10 mM sodium phosphate buffer/0.15 M NaCl/1 mg of bovine serum albumin per ml, at pH 7.4) and incubated at 370 under 95% 02/5% CO2 in a shaking-water bath (60-80 rpm). At the times indicated, the contents of the vials were quantitatively transferred to polystyrene tubes containing 1 ml of ice-cold phosphate-buffered saline and centrifuged (4°) at 1200 X g for 10 min. The supernatant was aspirated, and the cells were resuspended in 2 ml of ice-cold phosphate-buffered saline by mixing in a Vortex mixer for 20 sec. The tubes were centrifuged again, the supernatant was aspirated, and the radioactivity of the pellet was determined in a gamma counter. Nonspecific binding was determined in parallel incubation vials containing 10 Ag of hCG. Under these conditions, nonspecific binding accounts for only 2-5% of the total binding. All binding data are reported as specific.
Steroid determinations were performed in incubations identical to those described above. Steroids were measured by radioimmunoassay in suitable dilutions of the incubation medium obtained by centrifugation of the cell suspension. In some cases steroids were determined in the same vials used to measure binding. This was possible because the steroid radioimmunoassays were performed on 50-100 Mul of a 1:500 dilution of the supernatant, which contains only a small amount of radioac- Time, hr
Proc. Natl. Acad. Neaves has shown that, although the cell composition of this Leydig cell tumor is independent of time after transplantation, the relative proportion of healthy cells is optimal in 11-to 14-day-old tumors (17) . For (23, 24) . Hormone binding Fig. 1 shows the kinetics of the interaction of 125I-hCG with the tumor cells. Hormone binding reaches a maximum at 1 hr, followed by a slow decline during the next 5 hr, at which time the amount of 125I-hCG bound was 60-70% of that bound at 1 hr. Fig. 2 shows the equilibrium binding data for the interaction of 1251-hCG with the tumor cells. The equilibrium dissociation constants are given in Table 2 . These data are consistent with the presence of a single class of binding sites. The
Kd for the interaction of 125I-hCG with the tumor cells is 6 8 10 identical in both kinds of cells and similar to that reported for normal Leydig cells (2) .
The specificity of the receptor appears to be the same as that observed in normal tissues (4), i.e., the receptor recognizes both lutropin and hCG, but not other glycoprotein hormones (Fig.   3 ). Note that the apparent affinity of ovine lutropin for the receptor is about one-tenth that of hCG.
Activation of steroidogenesis Fig. 4 shows the kinetics of steroid production by the tumor cells. Under basal conditions, M5480P produces mainly progesterone, while M5480A produces about the same amounts of progesterone and testosterone. When the cells are stimulated with hCG, M5480P responds only with increased progesterone production, while M5480A shows an increase in the production of both steroids. However, the stimulation of progesterone production in M5480A is greater than the stimulation of testosterone production. Note also that the levels of steroid pro- (1, 9, (11) (12) (13) (14) (15) on the in vitro interaction of lutropin with the M5480 tumor. Using 2-to 6-month-old tumors, they found that only some of the tumors were gonadotropin responsive. This may have resulted from the age of the tumors used, since Neaves has shown that there is a discrete time interval during which the morphology and composition of the transplanted tumors are optimal (17) .
The ability of the tumor cells to bind gonadotropin and respond via increased steroidogenesis seems to be consistently retained from one generation to another when the tumors are used at a defined time period after transplantation. This characteristic, together with the property that a homogeneous cell population can be obtained without enzymatic treatment, establishes the M5480 tumor as an ideal system for studies on the mechanism of action of gonadotropins. Moreover, the nature of the molecular changes occurring with time is most intriguing, and, last, the M5480 tumor represents one of the few endocrine-responsive tumors available for study.
